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ABSTRACT
We obtain the entropy of Schwarzschild and charged black holes in D > 4 from
superconformal gases that live on p = 10−D dimensional brane–antibrane systems
wrapped on T p. The properties of strongly coupled superconformal theories such as
the appearance of hidden dimensions (for p = 1, 4) and fractional strings (for p = 5)
are crucial for our results. In all cases, the Schwarzschild radius is given by the
transverse fluctuations of the branes and antibranes due to the finite temperature.
We show that our results can be generalized to multicharged black holes.
∗ e–mail address: halyo@itp.stanford.edu
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1. Introduction
The origin of black hole entropy[1,2] is one of the main open questions in string
theory. The entropy of extreme and near–extreme black holes can be successfully
calculated in string theory[3]. However, the entropy of Schwarzschild black holes
still remains unexplained. Schwarzschild black holes can be described as very highly
excited strings at the Hagedorn temperature and living on the stretched horizon[4,-
13]. For asymptotic observers, these strings have rescaled tensions due to the grav-
itational redshift. This description gives the entropy of Schwarzschild black holes
and black p–branes[14] for any amount of nonextremality and in all dimensions up
to a numerical factor of O(1). Due to the complete lack of supersymmetry and our
lack of knowledge of the physics of very highly excited strings, it is quite difficult
to improve this description.
Recently, a different description of Schwarzschild black holes was given in ref.
[15] in terms of a brane–antibrane system. It was shown that the entropy of D = 7
Schwarzschild black holes can be obtained from two copies of a 3 + 1 dimensional
Yang–Mills gas at a finite temperature living on an equal number of D3 and D¯3
branes which are wrapped on a T 3. The branes and antibranes do not annihilate
each other and the system is stable due to the finite (and equal) temperatures of
the gases which result in a positive mass squared to the tachyon. The prescription
of ref. [15] is, for a given mass and charge, to maximize the entropy of the gas.
This fixes the number of branes and the energy of the gas (nonextreme energy)
which is of the same order as the brane tension. This prescrition gives the correct
entropy for Schwarzschild black holes in D = 7 dimensions in terms of nondilatonic
branes, i.e. D3 branes of string theory. The prescription also gives the entropy of
D = 7 charged black holes (i.e. wrapped black branes) simply by taking different
numbers of branes and antibranes. The work of ref. [15] has been generalized to
cases in other dimensions by using near–extreme black brane entropy formulas for
unstable branes or DD¯ systems far from extremality[17,18]. Other generalizations
such as rotating and/or multi–charged black holes appeared in refs. [16,19,20,21].
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In this paper we show that the entropy of Schwarzschild and charged black holes
in D > 4 can be explained by that of a pair of superconformal gases at a finite
temperature living on a system of N branes and N¯ = N antibranes of dimension
p = 10 − D. We argue that, in general, for a given p brane (or antibrane) the
world–volume theory is not the p + 1 dimensional ideal Yang–Mills gas but the
corresponding superconformal gas due to the very large dimensionless ’t Hooft
coupling. Due to our lack of knowledge of the precise numerical coefficients in
the equations of state for these superconformal theories, our results agree with the
black hole entropy up to factors of O(1). However, if these coefficients are obtained
from the AdS/CFT duality, the mismatch is a calculable power of 2[17,20,21]. For
p = 3, D = 3 + 1 N = 4 supersymmetric Yang–Mills theory is superconformal for
any value of the coupling which agrees with ref. [15]. (Similarly the prescription of
ref. [] applies toM2 andM5 branes because the world–volume theories of these are
also superconformal .) Interesting but well–known properties of p+1 dimensisonal
superconformal field theories[22,23,24] are crucial for our description. For example,
in the superconformal limit, the 1 + 1 dimensional theory grows a new dimension
of size 1/g whereas a 4+ 1 dimensional theory grows a dimension of size g2[25,26].
In 5+1 dimensions, the world–volume theory is described by fractional strings[27].
We consider these cases in detail and then give the general equation of state for the
superconformal gas. We use the prescription of ref. [15] to find the correct entropy
formula (up to numerical factors of O(1)) for the corresponding Schwarzschild black
holes. The temperature of the superconformal gas gives the Hawking temperature
in all cases. We show that charged black hole entropy in D > 4 can be obtained by
taking N 6= N¯ where the charge is Q = N − N¯ . In this case the superconformal on
the branes and antibranes have different temperatures. For Schwarzschild and
charged black holes (in any D > 4) we show that the Schwarzschild radius is given
by the extent of the transverse thermal fluctuations of the branes and antibranes.
We also generalize these results to multicharged black holes. These are described
by 2n different types of superconformal gas (each at a different temperature) which
arise from the different types of strings that connect the different branes and/or
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antibranes. Since the total entropy is given by the sum of the entropies of the
superconformal gases, it seems that these superconformal gases do not interact
with each other.
This paper is organized as follows. In section 2, we briefly review the prescip-
tion of ref. [15]. In section 3, we consider Schwarzschild black holes in D > 4.
We the examine the cases of D = 5, 6, 9 in detail and then give general results
for Schwarzschild black holes in D > 4. In section 4, we consider black p branes,
i.e. charged black holes which may or may not be near extreme. In section 5, w e
generalize our results to multicharged black holes. Section 6 contains a discussion
of our results and our conclusions.
2. D = 7 Black Hole Entropy and Brane–Antibrane Systems
In ref. [15], the entropy of D = 7 Schwarzschild black holes were obtained from
a gas living on N D3–D¯3 branes wrapped on T 3. In this setup, the branes and
antibranes do not annihilate because of the finite temperature of the gas which
gives a positive mass squared to the open string tachyon. It can be shown that
for T > 1/
√
gsNℓs the system is stable. In addition, one needs to assume that
T < ℓ−1s so that excited open strings can be neglected justifying the use of field
theory on the brane world–volume. Due to the finite temperature, the scalars and
the fermions in the field theory get masses O(
√
gsNT ) and are decoupled. The
only remaining massless degrees of freedom are O(N2) gauge bosons. In addition,
the two gases are decoupled because strings that connect the branes to antibranes
(the tachyon which is stabilized) cannot be excited at these low temperatures. The
mass, entropy and charge of the D3–D¯3 system is given by
MFT = (N + N¯)T3V + a
π2
16
N2T 4V + a
π2
16
N¯2T 4V (2.1)
SFT = a
π2
12
N2T 3V + a
π2
12
N¯2T 3V (2.2)
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and
Q = N − N¯ (2.3)
where the tension of the D3 brane is T3 = 1/(2π)
3gsℓ
4
s. The constant a = 8 in
weakly coupled super Yang–Mills theory but can be argued to be a = 6 in the
strongly coupled limit from AdS/CFT correspondence.
We now specialize to the Schwarzschild black hole which is described byN = N¯ .
Then the gases on the branes and antibranes have the same energy and tempera-
ture. Eqs. (2.1) and (2.2) become
MFT = 2NT3V + a
π2
8
N2T 4V (2.4)
and
SFT = a
π2
6
N2T 4V (2.5)
The value of N is obtained by maximizing the entropy for fixed MFT . Maximizing
the entropy
SFT = a
1/425/43−1
√
πNV −1/4(MFT − 2NT3V )3/4 (2.6)
one finds that
N =
1
5
MFT
T3V
(2.7)
We see that the energy in the brane tension and in the gas are comparable. Using
eq. (2.7) in eq. (2.6) we find
SFT = a
1/425/43−1/45−5/4π1/4
√
κV −1/4M
5/4
FT (2.8)
where T3 =
√
π/κ and G10 = 8π/κ
2. From supergravity, a neutral black D3 brane
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with Schwarzschild radius r0 has mass
MSG =
5
2
π3
κ2
r40V (2.9)
Then, using MFT =MSG we get
SFT =
21/4π4
κ2
r50V = 2
−3/4SSG (2.10)
The temperature of the gas, TFT ∼ (gsN)−1/4ℓ−1s gives the Hawking temperature
which satisfies 1/
√
gsNℓ
−1
s << T << ℓ
−1
s as required. The temperature of the
gas is not crucial in this case because the world–volume theory on a D3 brane
(or antibrane) is superconformal at all values of the coupling. We will see in the
next section that the low gas temperature requires the world–volume theory to
be the superconformal theory rather than the naive p dimensional ideal gas. The
negative specific heat of the black hole is explained by the fact that when the
energy decreases, brane–antibrane pairs annihilate. The energy of the pair goes to
the gas which increases its temperature resulting in negative specific heat for the
system.
The above description can be generalized to D = 7 charged black holes (or to
black D3 branes wrapped on T 3)[15]. The mass, entropy and charge of the system
is given by eqs. (2.1)-(2.3) with N 6= N¯ . The supergravity expressions for these
are given by
MSG =
π3
κ2
r40V (cosh2γ +
3
2
) (2.11)
SSG =
2π4
κ2
r50V coshγ (2.12)
Q =
π5/2
κ
r40sinh2γ (2.13)
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Comparing these to eqs. (2.1)-(2.3) we find the number of branes and antibranes
N =
π5/2
2κ
r40e
2γ N¯ =
π5/2
2κ
r40e
−2γ (2.14)
and the gas energy
E =
3
2
π3
κ2
r40V (2.15)
In terms of N, N¯ and E the entropy becomes
SSG = 2
5/43−3/4π1/2V 1/4E3/4(
√
N +
√
N¯) (2.16)
which is the entropy of a gas on N D3 branes plus that of a gas on N¯ D¯3 branes.
Note that for N 6= N¯ , the temperatures of the two gases are not equal. This is not
a problem because the two gases are decoupled at these low temperatures. In this
case, TFT is given by
2
TFT
=
1
T
+
1
T¯
(2.17)
and agrees with the Hawking temperature. A point that is left unexplained is the
fact that for the prescription to work the two gases need to have equal energies
even though they are not in contact[15].
3. Schwarzschild Black Hole Entropy and Superconformal Field Theories
In this section we generalize the results of ref. [15] summarized in the previous
section to Schwarzschild black holes in D > 4. As we will see, these black holes
can be described by brane–antibrane systems of p = 10 − D dimensions with a
superconformal gas (at a finite temperature) living on them. Again the only massles
degrees of freedom arise from strings that connect branes to branes or antibranes
to antibranes. We assume that, in all dimensions, the temperature is high enough
to stabilize the system, i.e. to give a positive mass squared to the open string
tachyon of the system. As a result, the strings that connect branes to antibranes
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are massive and the branes are decoupled from the antibranes. The reason the
gas is superconformal and not an ideal gas is its low temperature; in all cases the
dimensionless (’t Hooft) coupling of the world–volume theory is very large. This
means that the world–volume field theory is described by a superconformal field
theory rather than the weakly coupled super Yang–Mills theory.
We first consider the specific cases of Schwarzschild black holes in D = 9, 6, 5
dimensions in detail. These are described by superconformal gases on brane–
antibrane systems with p = 1, 4, 5. Since, in the strong coupling limit, we know the
equation of state of the superconformal theories up to numerical factors of O(1),
all our results for black hole entropy will also be correct up to the same factors.
However, if one uses the AdS/CFT duality to derive the numerical coefficients of
the equations of state the mismatch between SFT and SSG becomes a computable
power of 2[17,20,21].
3.1. D = 9 Schwarzschild Black Holes
We begin with the Schwarzschild black hole in D = 9. According to the
prescription of ref. [15], this can be described by two copies of a gas that lives
on N D1 branes and N¯ = N anti–D1 branes. In 1 + 1 dimensions, the coupling
constant has dimensions of mass. Therefore the dimensionless (’t Hooft) coupling
constant of the gas is
g˜2 =
g2N
T 2
(3.1)
We will see below that g˜2 ∼ N4/3. At strong coupling, the gas is described by a
superconformal theory with equation of state[28,31]
S ∼ N3/2LT 2g−1 E ∼ N3/2LT 3g−1 (3.2)
or using e = g
√
N
S ∼ N2LT 2e−1 E ∼ N2LT 3e−1 (3.3)
where the D1 brane tension is T1 = 1/(2π)gsℓ
2
s. We see that the above equations of
state are those of a 2+1 dimensional superconformal theory with a new dimension
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of size g−1. This is not surprising since D1 branes are in fact M2 branes (wrapped
around a shrinking T 2). In fact, the equation of state in eq.(3.3) is exactly the one
for an ideal gas for M2 branes (considered in ref. [15]) with a volume of LG−1.
Thus D = 9 Schwarzschild black holes can be described either by a system of
M2 − M¯2 branes in M–theory or a system of D1 − D¯1 branes in string theory.
Now we can write the mass of the N pairs of D1 branes and antibranes and the
two gases living on them as
MFT = 2NLT1 + 2N
2LT 3e−1 (3.4)
The entropy is
SFT = 2N
2LT 2e−1 (3.5)
Maximizing the entropy with respect to N
S = (MFT − 2NLT1)2/324/3N1/2L1/3g−1/3 (3.6)
for a given MFT we find that
N =
3
5
MFT
LT1
(3.7)
Using this in eq. () and taking MFT = MBH (with G9 = (g
2
sℓ
8
s/L)
−1) we find
SBH ∼M7/6BHG1/69 (3.8)
which is the entropy of a D = 9 Schwarzschild black hole. Alternatively using the
supergravity mass for the black hole with Schwarzschild radius r0[14,28]
MBH =
7ω7
2κ2
Lr60 (3.9)
we find that
SBH ∼ ω7
2κ2
Lr70 (3.10)
Using eqs. (3.6) and (3.7) we find the temperature of the gas (which is the Hawking
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temperature)
T = (
2
3
NLT1)
1/3N−2/3L−1/3e1/3 ∼ g
1/3N−1/6
ℓ
2/3
s
(3.11)
This temperature used in eq. (3.1) justifies our argument for a superconformal the-
ory for the gas.
3.2. D = 6 Schwarzschild Black Holes
For a D = 6 Schwarzschild black hole we need to consider two copies of super-
conformal gas onN pairs ofD4–D¯4 branes. Thus we need to describe a 4+1 dimen-
sional superconformal field theory in which the coupling has dimension (length)1/2.
Such a theory has an equation of state given by[28,31]
S ∼ N3L4T 5g2 E ∼ N3L4T 6g2 (3.12)
or using e = g
√
N
S ∼ N2L4T 5e2 E ∼ N2L4T 6e2 (3.13)
where the D4 brane tension is T4 = 1/(2π)
4gsℓ
5
s. We see that the equation of state
describes a superconformal theory in 5 + 1 dimensions with an extra dimension
of size g2[25,26]. Again, this is not surprising since a D4 brane is an M5 brane
wrapped around the 11th dimension. The equation of state in eq. (3.13) is exactly
the one for an ideal gas (considered in ref. [15]) on M5 branes with volume L4g2.
Therefore we can describe D = 6 Schwarzschild black holes either by a system of
M5− M¯5 branes in M–theory or by a system of D4− D¯4 branes in string theory.
The mass of the brane–antibrane system is
MFT = 2NL
4T4 + 2N
2L4T 6e2 (3.14)
whereas the entropy is
S ∼ 2N2L4T 5e2 (3.15)
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Eliminating the temperature from S we find
S ∼ (M − 2NLT4)5/627/6N1/3L2/3e1/3 (3.16)
Maximizing S with repect to N for a fixed MFT we find
N =
6
11
MFT
L4T4
(3.17)
Using the expression for N in S and taking MFT = MBH we get
SBH ∼M4/3BHG1/36 (3.18)
where G6 = g
2
sℓ
8
s/L
4. Alternatively, we can use the supergravity mass of the black
hole with Schwarzschild radius r0[14,28]
MBH =
4ω4
2κ2
L4r30 (3.19)
we find that
SBH ∼ ω4
2κ2
L4r40 (3.20)
which is the correct result. In this case the temperature of the gas is
T = (
5
6
NL4T4)
1/6N−1/3L−2/3e−1/3 ∼ N−1/6ℓ−5/6s g−1/3 (3.21)
As a result, the dimensionless (’t Hooft) coupling is very large
g˜2 = g2NT ∼ g5/3N2/3ℓ−5/6s (3.22)
which justifies our use of the superconformal theory.
3.3. D = 5 Schwarzschild Black Holes
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For D = 5 Schwarzschild black holes we need to consider two copies of gas
on N pairs of D5–D¯5 branes. It is well–known the world–volume theory on D5
branes is not a field theory but a (noncritical) string theory[27]. In fact, the finite
temperature gas on N D5 branes can be described by N strings with fractional
tension ∼ 1/g2N ∼ 1/e2 at their Hagedorn temperature TH ∼ 1/g
√
N ∼ 1/e. As
a result we have (with the D5 brane tension T5 = 1/(2π)
5gsℓ
6
s)
MFT = 2NT5L
5 + 2N
1
g
√
N
(3.23)
for the mass and
S = N = g
√
N(MFT − 2NT5L5) (3.24)
Maximizing S we find
N =
1
3
MFT
T5L5
(3.25)
so that now
S =
2
3
g
√
NM (3.26)
We see that entropy is proportional to energy as expected in a string theory. The
Hagedorn temperature is TH ∼ 1/g
√
N . Using eq. (3.25) and MFT = MBH , S
can be written as
S ∼M3/2BHG1/25 (3.27)
where G5 = (g
2
sℓ
8
s/L
5)−1. Alternatively, we can take the supergravity mass of of
the Schwarzschild black hole with radius r0[14,28]
MBH ∼ 3ω3
2κ2
L5r20 (3.28)
we find that
SBH ∼ ω3
2κ2
L5r30 (3.29)
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as required. Note that in this case the dimensionless coupling is
g˜2 = g2NT 2 ∼ 1 (3.30)
3.4 Schwarzschild Black Holes in D > 4
From the above discussion it is clear that, in general, a D > 4–dimensional
Schwarzschild black hole can be described by a system of N p = 10 − D brane–
antibranes with a superconformal gas on their world–volumes. The generic equa-
tion of state for a superconformal theory on p+ 1 = 11−D dimensions is[28,31]
S ∼
√
NEλL(10−D)(1−λ)ga (3.31)
where
2λ =
D − 1
D − 3 a =
7−D
D − 3 (3.32)
and E is the energy of the superconformal gas E = MFT − NTpLp. As we saw
above, in all dimensions, maximizing the entropy gives
N ∼ MFT
TpLp
(3.33)
Then, the entropy becomes (with MFT =MBH)
S ∼ M (D−2)/(D−3)BH G1/(D−3)D (3.34)
which is the correct entropy for Schwarzschild black holes in D > 4 dimensions.
We can also use the supergravity mass of the Schwarzschild black hole with radius
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r0[14,28]
MBH ∼ ωD−2
2κ2
LprD−30 (3.35)
to obtain
S ∼ ωD−2
2κ2
LprD−20 (3.36)
The temperature of the gas is obtained from eq. (3.31) to be
T−1 ∼ Eλ−1/2L(10−D)(1−λ)−p/2gaT−1/2p (3.37)
It is easy to show that T is in fact the Hawking temperature of the black hole. For
a large black hole T ∼ E1/2−λ ∼ N1/2−λ is very low which justifies our use of the
superconformal theories. We also see that λ > 1/2 for all D and therefore T and E
are inversely proportional resulting in a negative specific heat for the black holes.
We now show that the Schwarzschild radius of the black hole (for any D > 4)
is given by the transverse oscillations of the branes (and antibranes) due to the
finite temperature. From the virial theorem we get for the branes
Nmp < X˙
2 >∼ g(p−3)/(5−p)T (14−2p)/(5−p)LpN (7−p)/(5−p) (3.38)
where the mass of a p–brane is mp = L
p/(2π)pℓp+1s . Now using the fact that the
characteristic frequency of the branes is ∼ T , we can replace the time derivatives
with T . The maximization of the entropy of the system with respect to N gives
N ∼ mFT
LpTp
(3.39)
Assuming MFT = mSG and using T ∼ 1/r0 and mSG ∼ r8−p0 /G10−p (with
G10−p = g
2
sℓ
8
s/L
p) we find from (3.38) and (3.39) that < X2 >∼ r20. Since the
temperature of the antibranes is equal to that of the branes we get the same re-
sult for the antibranes. Therefore, the extent of the transverse oscillations of the
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brane–antibrane system due to the finite temperature gives black hole radius. For
D = 5 (with p = 5), eq. (3.38) does not make sense. However, in this case the
thermal fluctuations of the branes are given by those of the fractional strings. For
a fractional string with tension ∼ 1/g2N and energy ∼ T ∼ 1/g√N , the extent of
the transverse fluctuations is g
√
N ∼ r0.
Our results for the black hole entropy hold up to numerical factors of O(1).
This is due to our lack of knowledge of the precise equation of state for the su-
perconformal theories in different dimensions. Since these theories are strongly
coupled and supersymmetry is broken by the finite temperature of the gas, the
equations of state may get corrections of O(1). If we assume that the equation
of state for the superconformal theories are given exactly (up to the numerical
factor) by near extreme black branes, we find that SFT = 2
−(9−p)/2(8−p)SSG which
is a small mismatch. This assumption is well–motivated by the AdS/CFT duality;
however it is not clear that the numerical coefficients derived from it are correct in
the region of the parameter space we are interested in.
The entropy of Schwarzschild black holes in D = 4 cannot be obtained by
the prescription of ref. [15] because D6 branes have world–volume theories with
negative specific heat. As a result, world–volume theory does not decouple from
the bulk.
4. Charged Black Hole Entropy and Superconformal Field Theories
We now generalize our results to charged black holes or (wrapped) black branes.
For a D–dimensional charged black hole we need to consider a system of N Dp
branes together with N¯ anti Dp branes where N 6= N¯ [15]. In addition there will
be two superconformal gases at different temperatures living on the branes and
antibranes. As for the D = 7 case the two gases will have different temperatures
but need to have the same energy in order to reproduce the correct entropy. The
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mass, entropy and charge of the Dp–D¯p system is given by
MFT = (N + N¯)TpL
p + g(p−3)/(5−p)T (9−p)/(5−p)Lp(N (7−p)/(5−p) + N¯ (7−p)/(5−p))
(4.1)
SFT = g
(p−3)/(5−p)T 4/(5−p)Lp(N ((7−p)/(5−p) + N¯ ((7−p)/(5−p)) (4.2)
and
Q = N − N¯ (4.3)
where the tension of the Dp brane is Tp = 1/(2π)
pgsℓ
p+1
s . Again, both gases are
at very low temperatures which mean that the dimensionless ’t Hooft couplings
are very large. This justifies our use of the superconformal theories on the brane
world–volumes. The equations of state for each one of the superconformal gases is
S ∼
√
NEλL(10−D)(1−λ)ga (4.4)
where E is the energy of the superconformal gas 2E = MFT − NTpLp − N¯TpLp.
The sum of the entropies of the two gases is given by
S ∼ (
√
N +
√
N¯)EλL(10−D)(1−λ)ga (4.5)
where we used the fact that both gases have the same energy. The supergravity
mass, entropy and charge of a D–dimensional black hole are given by (d = 7 −
p)[14,28]
MSG =
ωd+1
2κ2
rd0L
p(sinh2γ + d+ 1) (4.6)
SSG =
ωd+1
2κ2
rd+10 L
pcoshγ (4.7)
Q =
ωd+1
4κ2
rd0L
psinh2γ (4.8)
As before, the relations between N, N¯ and E are obtained by maximizing the
15
entropy with respect to N and N¯ .
E =
2(D − 1)
(D − 3)
√
NN¯ (4.9)
From the expression for the charge we find that
N =
ωd+1
4κ2
rd0L
pe2γ N¯ =
ωd+1
4κ2
rd0L
pe−2γ (4.10)
Using the expressions for E an N, N¯ , we find that the entropy of the superconfor-
mal gas in eq. (4.4) agrees with that of the charged black hole in eq. (4.7). If we
use the results from AdS/CFT duality to predict the coefficients of the equations
of state for the superconformal theories we find SFT 2
λSSG where is given by eq.
(3.32).
In this case the temperature T , on the branes and T¯ on the antibranes are not
equal; it can be shown that T ∼ 1/r0eγ and T¯ ∼ 1/r0e−γ . For D = 5 black holes,
we have two types of fractional strings on branes and antibranes with two different
tensions, 1/g2N and 1/2N¯ leading to two different Hagedorn temperatures. The
temperature of the system given by eq. (2.17) agrees with the Hawking temperature
as expected. Note that as the black hole approaches the near extreme limit, the
temperature of the gas on the antibranes increases. This is due to the fact that
as we get closer to extremality, branes and antibranes annihilate and decrease the
value of N and T ∼ N−1/(D−3). Obviously, for near extreme black holes (with
E < TpL
p) the above results should agree with those in the literature.
Again the Schwarzschild radius of the black hole is given by the transverse
thermal fluctuations of the branes and antibranes. Note that now T 6= T¯ and
therefore we need to consider the branes and antibranes separately. Let us consider
the branes first. Eq. (3.38) for the brane energy remains the same. However, now
eq. (3.39) for the number of branes is modified to
N ∼ mFT
LpTp
e2γ (4.11)
In addition, now T ∼ 1/r0eγ . Using the relation between MSG and r0 (and those
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for mp, G10−p) we find < X
2 >∼ r20 as before. For the antibranes, we obtain
, X¯2 >∼ r20 if we repeat the same exercise but switch the sign of γ in eq. (4.11)
and use T¯ ∼ 1/r0e−γ .
5. Multicharged Black Hole Entropy and Superconformal Field Theories
For D–dimensional black holes with n charges the mass, entropy and charge
are given by[14,28]
MSG =
ωd+1
2κ2
drd0L
p(
n∑
i=1
coshγi + 2λ) (5.1)
SSG =
ωd+1
2κ2
rd+10 L
p
n∏
i+1
coshγi (5.2)
Qi = Ni − N¯i = ωd+1
4κ2
rd0L
psinh2γi (5.3)
where
2λ =
D − 1
D − 3 −
n
2
(5.4)
Comparing eqs. (5.1)–(5.3) with (4.1) and (4.3) for one charge, we see that the
entropy of a black hole with n charges can be described by a collection of n types
of brane–antibrane systems with different superconformal gases on each pair of pp′
branes and/or antibranes. In this picture, basically, every pp′, p¯p′, pp¯′ and p¯p¯′ type
of string describes a different superconformal gas. Note that the pp¯ strings which
constituted the superconformal gases in neutral and one–charged black holes do
not form superconformal gases and do not contribute to the entropy. For n charges,
there are 2n superconformal gases arising from the 2n−1 brane pairs with a pair
of superconformal gases on each one. As before, we assume that this collection of
branes and antibranes is stable, i.e. there are no open string tachyons due to the
finite temperature.
17
Even though the above counting of superconformal gases works it is difficult
to understand it from D–brane physics. For neutral and one–charged black holes
the superconformal gases arose from strings connecting the branes to branes and
antibranes antibranes. These gauge bosons are clearly massless even at finite tem-
perature. The world–volume fermions and scalars and the strings connecting the
branes to the antibranes are massive due to the finite temperature. In order to see
the problem with the current case, consider a D = 5 black hole with two charges.
This can be obtained from a system of N5 (N¯5) D5 branes (anti–D5 branes) and N1
(N¯1) D1–branes (anti–D1 branes) wrapped on T
5. Now, since the D1 branes are
inside the D5 branes, the system will be in the Higgs branch (at zero temperature)
and therefore the gauge bosons are massive. In addition the world–volume fermions
and scalars arising from pp¯ strings are massive due to the finite temperature. At
zero T , the system would be described by the moduli of the Higgs branch which
are given by all the massless modes arising from 51,15, 5¯1 and 51¯ strings. How-
ever, these are world–volume scalars and fermions and should be massive at finite
T . How they remain massless and form superconformal gases is unfortunately not
clear.
Each one of the superconformal gases has an equation of state
S ∼
√
NEλL(10−D)(1−λ)ga (5.5)
where E is the energy of the superconformal gas. From eq. (5.3) we find that
Ni =
ωd+1
4κ2
rd0L
pe2γi N¯i =
ωd+1
4κ2
rd0L
pe−2γi (5.6)
Then the total entropy of the system becomes
S ∼
n∏
i=1
(
√
N i +
√
N¯i)E
λL(10−D)(1−λ)ga (5.7)
where we took into account all 2n superconformal gases. As usual, maximizing the
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entropy for a given mass and set of charges we find
E =
2(D − 1)
(D − 3) [
n∏
i=1
(NiN¯i)]
1/2 (5.8)
Using eqs. (5.6) and (5.8) we find that the total entropy of the gas given by eq.
(5.7) equals (up to a numerical constant) that of the black hole in supergravity.
Again, if we use the AdS/CFT duality to predict the numerical coefficient in the
equations of state, we find SFT = 2
−λnSSG where λ is given by eq. (3.32). Note
that the total entropy is the sum of the entropies of the 2n superconformal gases
which means that the superconformal gases do not interact with each other. The
temperature of the collection TFT which is the Hawking temperature of the black
hole is given by
n
TFT
=
2n∑
j=1
1
Tj
(5.9)
where 2 ≤ j ≤ 2n counts all the possible combinations of branes and/or antibranes.
6. Conclusions and Discussion
In this paper we showed that the entropy of Schwarzschild and charged black
holes inD > 4 can be obtained from that of a system of N branes and N¯ antibranes
with a pair of superconformal gases living on them. This is a generalization of the
prescription of ref. [15] to different dimensions. Note that in [15], the simplest case
withD = 7 or p = 3 which is superconformal for any value of g was examined. Since
we do not know the precise equation of state of the superconformal field theory in
p < 6 dimensions, our results give the black hole entropy up to numerical factors
of O(1). In all dimensions, the world–volume theory is in the strongly coupled
superconformal limit (rather than say in the weakly coupled super Yang–Mills
limit) due to the low temperature. In other words, in all cases, the dimensionless
’t Hooft coupling at the scale given by the temperature of the gas is very large.
Well–known but nevertheless intriguing properties of these superconformal theories
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are crucial for reproducing the black hole entropy. These include the appearance
of new dimensions for p = 1, 4 and of fractional strings for p = 5. Not surprisingly,
we were not able to obtain the entropy of D = 4 black holes due to the well–
known fact that D6 brane world–volume theory has a negative specific heat and
is not well–defined. We also showed that the same prescription can explain the
entropy of multicharged black holes. For a black hole with n charges, there are 2n
superconformal gases of the types described above which do not interact with each
other.
As shown in refs. [16.17], one can also add angular momentum to the black
holes considered above. in this case, on the world–volume, one needs to consider
superconformal gases which carry R–charges. The nonzero R–charge requires a
modification of the equations of state of the superconformal theories which can be
obtained from the AdS/CFT duality.
In ref. [20] it was noticed that the entropy of black holes far from extremality
can be obtained from the entropy of near extreme D–branes using the prescription
of ref. [15]. In light of our results this makes sense since the equations of state
for superconformal theories that we used can be obtained from a correspondence
between near extreme branes and world–volume theories at a finite temperature.
The same equations of state have been used to obtain the entropy of D > 5
Schwarzschild black holes in M(atrix) theory[31]. In that case the world–volume
theory is near extreme due to the large boost. In the present case, it seems that
a black hole far from extremality can be constructed by adding a large number of
near extreme brane–antibrane pairs with zero net charge.
Even though the above set up is very different than that in M(atrix) theory,
the superficial similarities are intriguing. For example, M(atrix) theory gives the
entropy of D–dimensional Schwarzschild black holes in terms of a p = 11 − D–
dimensional superconformal gas[29-35] whereas we saw above that the same gas
describes a Schwarzschild black hole in D = 10− p-dimensions. This difference of
one dimension is not surprising since we are working in string theory but M(atrix)
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theory describes D = 11 M–theory. Note, however, that the temperature of the
gases and the relation between S and N are different in the two cases. It would be
interesting to see if these two description of Schwarzschild black holes are related.
The prescription of ref. [15] depends on the fact that brane–antibrane pairs
are stable at a finite temperature. This was shown for p = 3 in detail in [15]. In
this paper, we have simply assumed that this is still the case for p < 6 in order
to use the same prescription. It would be nice if this can be shown explicitly by
examining the behavior of the open string tachyon at a finite temperature for all
p.
Finally, due to the success of the above prescription in explaining black hole
entropy one may wonder whether a similar approach may be used to explain the
entropy of de Sitter space. In this respect, the fact that de Sitter space entropy can
be explained by long strings on the stretched horizon just like Schwarzschild black
holes seems encouraging[36].
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